
N A S A  T E C H N I C A L  NOTE 

f 

A N  OPTIMIZED PRINTER PLOTTING SYSTEM 
CONSISTING OF COMPLEMENTARY 7090 
(FORTRAN) A N D  1401 (SPS) SUBROUTINES 

PART I - INSTRUCTIONS FOR USERS 

by Lois T. DeZZner und Betty Jo Moore 

Lewis  Reseurch Center 
Clevelund, Ohio 

I 
P 

N A T I O N A L  AERONAUTICS A N D  SPACE A D M I N I S T R A T I O N  WASHINGTON,  D. C. APRIL  1964 



AN OPTIMIZED PRINTER PLOTTING SYSTEM CONSISTING OF 

COMPLEMENTARY 7090 (FORTRAN) AND 

1401 (SPS) SUBROUTINES 

PART I - INSTRUCTIONS FOR USERS 

By Lois  T .  Dellner and Betty Jo Moore 

Lewis Research Center 
Cleveland, Ohio 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

For sale by the Office of Technical Services,  Department of Commerce, 
Washington, D.C.  20230 -- Price $0.75 



TECH LIBRARY KAFB. NM 

AN OPTIMIZED PRINTER PLO'ITING SYSTEM CONSISTING O F  

COMPLEMENTARY 7090 (FORTRAN) AND 

1401 (SPS) SUBROUTINES 

PART I - INSTRUCTIONS FOR USERS 

by Lois T. Dellner and Betty Jo  Moore 

Lewis Research Center 

SUMMARY 

Complementary subroutines fo r  t he  IBM 7090 and 1401, easy fo r  the  FORTRAN 
programmer t o  use, provide pr in ted  p lo t s  as p a r t  of the  normal o f f - l i ne  output. 
These subroutines a r e  s implif ied so t h a t  no choices must be made and generalized 
s o  tha t  choices may be made, by the  programmer, of the  p lo t t i ng  characters,  t he  
scales ,  t he  appearance of t he  gr id ,  the  number of curves, and other options. 
The 7090 rout ines  wr i te  information-packed records t h a t  a r e  decoded and used by 
the  1401 rout ine  $0 produce t h e  p l o t  a t  full p r i n t e r  speed ( 6  sec/page) . P a r t  I 
contains a general  descr ipt ion of t he  system and i s  intended as a manual fo r  t he  
user. Pa r t  I1 (Technical Note D-2175) i s  a manual f o r  t he  systems programmer. 

INTRODUCTIOIV 

With the  increased use of d i g i t a l  data  computing systems for engineering 
calculat ions,  a f a s t ,  e f f i c i e n t  method of p lo t t i ng  computer output has become a 
necessity.  An inexpensive way of obtaining pr in ted  p l o t s  from a 7090-1401 com- 
puter system i s  described herein. This method makes use of t he  p r i n t e r  a t tached 
t o  the  1401 computer as the  p l o t t e r .  Also contained i n  t h i s  repor t  a r e  1 2  f i g -  
ures  as examples of t he  p lo t s  obtainable using the  OPP system (Optimized P r in t e r  
P lo t t i ng ) .  

This system, a s e t  of complementary subroutines fo r  t he  IBM 7090 and 1401, 
i s  a simple-to-use system t h a t  requires  minimum storage,  reduces 7090 execution 
time (by a f ac to r ,o f  more than 10 from t h a t  required by present ly  ava i lab le  
machine p lo t t i ng  methods), and produces pr in ted  p l o t s  a t  full p r i n t e r  speed 
(6  sec/page) as p a r t  of normal of f - l ine  output. 
combining three  techniques: 
t he  7090, (2)  packing the  r e s u l t s  on t h e  output tape, (3) having t h e  1401 gener- 
a t e  t he  g r i d  and the  g r i d  l abe l s ,  as  w e l l  as pos i t ion  t h e  points  i n  a subroutine 
of the  standard tape-to-printer program. 

This optimization i s  achieved by 
(1) performing most of t he  r e q u i s i t e  ar i thmetic  on 

(See flow char t  on p. 2 )  

The system permits, but does not require,  t he  p r o g r m e r  t o  choose the  
p lo t t i ng  characters,  t h e  scales ,  t h e  gr id- l ine  spacing, e tc .  It handles s ing le  
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or multiple curves, p r i n t s  t r u e  scales ,  and p r i n t s  t i t l e s  e i the r  above or below 
the  p l o t .  

The chief advantages of OPP-system p lo t t i ng  over manual p lo t t i ng  a r e  the  
complete elimination of elapsed time and the  reduction of t he  cos t  per p l o t  by a 
fac tor  of a t  l e a s t  50. &en when the  l imi ta t ions  of t he  p r in t e r  - 10 characters 
per inch horizontal ly  ( t o  a maximum of 100) and 6 characters per inch v e r t i -  
c a l l y  - make a pr in ted  p l o t  inadequate for  a pa r t i cu la r  application, a pr in ted  
p l o t  a ids  the  manual p l o t t e r  by supplying a guide t o  the  sca les  and the  mlnimum 
number of points required t o  define the  curve. 

More than 150 programmers a r e  now using th i s  system ef fec t ive ly ,  and more 
than 500 p lo t s  a r e  pr in ted  weekly. The e n t i r e  p lo t t i ng  system has been i n  use a t  
t h i s  Center on the 7090-1401 s ince April  1962. The 1401 routine,  PLOT, i s  
wr i t ten  f o r  a 4K machine. 

GENERAL DESCRIPTION 

The OPP system o f fe r s  the  programmer p lo t t ed  output with a minimum of e f -  
f o r t .  After wri t ing a t i t l e  fo r  h i s  p l o t  on the  output tape, he wri tes  CALL 
PLOTXY ( f o r  s ing le  curve) or  CALL PLOTMY (for multiple curves). The arguments, 
or c a l l  l i s t ,  include the  names of the  arrays t o  be p lo t ted  and specify the  num- 
ber of points per curve and the  number of curves. The programmer then wri tes  a 
legend t o  be pr in ted  a t  t he  bottom of the  p lo t .  

The p l o t  or p lo t s  a r e  pr in ted  as p a r t  of the  regular  output l i s t i n g  with no 
delay. No changes i n  h i s  card-handling procedures nor spec ia l  ins t ruc t ions  fo r  
t he  operators a r e  required. 

If he i s  using PLOW, t h e  values of t he  var iab le  t o  be p lo t t ed  i n  the  
x-direction must be i n  sequence. If they a re  not, t h e  subroutine SORTXY (which 
makes the  necessary rearrangement) i s  supplied t o  be used before ca l l i ng  PLO'IXY. 
For e i the r  PLOW or PLOW, i f  t h e  s i z e  of t he  elements i n  (or the  t o t a l  range 
of) any ar ray  i s  not known t o  be within ce r t a in  l i m i t s ,  t he  programmer c a l l s  the  
subroutine SCALE f o r  each ar ray  before ca l l i ng  the  p lo t t i ng  subroutine. 
w i l l  transform the  a r ray  t o  s u i t  PLOTXY and PLOTMY only i f  it i s  necessary. 

SCALE 

In addi t ion t o  t h e  minimum-effort use j u s t  described, the  programmer may 
choose t o  use one or more of severa l  options t h a t  permit him t o  control,  f o r  
example, t he  appearance of t he  g r i d  (by specifying t h e  frequency of t h e  gr id-  
l i n e s  i n  e i the r  d i rec t ion) ,  t h e  sca le  for e i the r  var iab le  (by specifying t h e  
scale-factor and a s tar t ing-value) ,  t h e  p lo t t i ng  character,  e tc .  

This presentat ion of t h e  OPP system is  i n  two sections,  Par t s  I and II, 
Par t  I (this repor t )  provides de t a i l ed  ins t ruc t ions  f o r  the  use of PLOTXY and 
PLOTMY and b r i e f  descr ipt ions of t he  aux i l i a ry  rout ines  SCALE and SORTXY, A 
sec t ion  on debugging incorporates some of t he  knowledge gained from a year ' s  ex- 
perience with the  system. 
of t he  system. 

Figures 1 t o  1 2  i l l u s t r a t e  some of the  p o s s i b i l i t i e s  
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Par t  I1 ( r e f .  1) i s  a manual f o r  t h e  systems programmer who implements and 
possibly modifies t he  system and then must help debug the  users '  programs. 

USING THE SYSTEM 

I, PLOW 

To ge t  p lo t t ed  output using PLO'IXY, t h e  corresponding pa i r s  of ordinates  
t o  be p l o t t e d  must be i n  two arrays. For an example, l e t  us name the  
arrays XDOWN and YACROS and assume each i s  NPTS elements iong. These 
names a re  chosen spec i f i ca l ly  t o  c a l l  t he  u s e r ' s  a t t en t ion  t o  the  f a c t  
t h a t  the  "x-direction" i s  down the  page. 

A. T i t l e  

The c a l l  f o r  PLOW must be preceded by wri t ing a t  l e a s t  one TITLE 
(PT) record. The minimum requirement is: 

W R I l Z  OUTPUT TAPE 6, 500 
500 FOFCMA!L'(ZHFT) 

A more representa t ive  example is: 

WRITl3 OUTPUT TAPE 6, 500 

1 6 H  OPP SYSTEM PLOT) 
500 FORMAIT (ZHPT, 73X, 14HSAMPLE MAMPLE/ZHPT, 72X, 

The result i s  shown on t h e  p l o t  on t h e  facing page. 

B. Legend 

The c a l l  f o r  PLOW must be followed by wr i t ing  a t  l e a s t  one LEGEND 
(PL) record. The minimum requirement i s :  

WRITE OUTPUT TAPE 6, 502 
502 FORMAT(2HPL) 

A more representa t ive  example is:  

WRITE OUTPUT TAPE 6, 502 
502 FORMAT ( Z H P L ,  72X, 16HF SK32 VS. THETA/ZHPL, 72X, 

16H( ---) (RAD) 1 
The result i s  shown on the  p l o t  on t h e  facing page. 
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C. Call - 
Between wr i t ing  t h e  TITLE and LEGEND records, you wr i te  

CALL PLOW ( D O W N ,  YACROS, KODE, P) 

XDOWN i s  t h e  name of t he  a r ray  containing t h e  values of the  var iab le  
The elements i n  t o  be p l o t t e d  on the  x sca l e  (down t h e  page). 

t h e  a r r ay  a r e  r e s t r i c t e d  as follows: 

1. They must be i n  f loa t ing  point.  

2. The absolute value of each element must1 be within 
permissible l i m i t s  (approx. 3 -  < e < lo6). 

3. They must2 be i n  order, e i t h e r  increasing or decreasing. 

YACROS i s  t h e  name of t h e  var iab le  t o  be p lo t t ed  on the  y sca l e  
(across t h e  page). 
exact ly  as i n  1. and 2. above. 

The elements of t he  a r r ay  a r e  r e s t r i c t e d  

KODE i s  t h e  name of an integer ,  Many options are provided f o r  t h e  
user  of PLO'I!XY, Each has a number associated with it, The sum 
of t h e  numbers representing the  options being used i s  KODE 
(0 <?CODE - < 127). 
K O D z =  0, t h e  s tar t ing-values  and scale-factors  i n  both direc- 
t i ons  a r e  computed by P L O a T y .  
a r e  shown i n  t h e  example plot :  

For your f i r s t  p lo t ,  use KODE = 0. When 

The other e f f ec t s  of KODE = 0 

1. The p l o t t i n g  character  i s  an as te r i sk .  

2. The gr id- l ine  frequency i s  10 X 10. 

3. Nothing i s  pr in ted  t o  the  l e f t  of t he  plot .  

P i s  an array.  

P(1) must contain NPTS ( t h e  number of points  t o  be p lo t ted)  
i n  f ioa t ing  point.  

If KODE = 0 or 64, there  a re  no other requirements fo r  P. 

For a l l  other values of KODE, t h e  requirements f o r  the  P a r ray  
axe displayed i n  Section D. - Using t h e  Options. 

lIf t h e  element s i z e  of any ar ray  i s  unknown or out  of range, wri te  
CALL SCALE (NPTS, A, KA) before ca l l i ng  PLOW. (See p. 1 2 . )  

21f t he  a r ray  t o  be p l o t t e d  on the  x sca l e  i s  not i n  order, wri te  
(See p. 12 . )  CALL SORTXY (XDOWN, YACROS, NPTS) before ca l l i ng  P L O W .  

6 



D. - Us- t h e  Options 

Each optior. has a number associated with it. The sum of t h e  numbers represent ing the  options 
chosen i s  KODE, the  t h i r d  argument i n  t h e  c a l l .  

M CHOOSE: 

The p l o t t i n g  character, 
e represents  any acceptable F O R W  
character except the  &nus sign. 

The frequency of x grid-Unes. 
‘phey are pr in ted  every m line-spaces 
below t h e  first. Lp m = 0, only two 
will be printed,  one above and one 
below t h e  plot .  

The frequency of y grid-lines.  
They a r e  pr in ted  every n posi t ions 
t o  t h e  r i g h t  of t h e  first. 
only one i s  printed,  at t h e  l e f t  of 
the plot .  

The x scale.  

If n = 0, 

The scal ing parameters, FX, repre- 
sent ing t h e  start ing-value,  and 
DX, representing t h e  scale-factor f o r  
one l h e  space, m u s t  be whole numbers 
of magnitude l e s s  than lo6. 
See 1.-E. - Scaling. 

(-9) 

The y scale.  
The scal ing parameters, FY, repre- 
senting t h e  start ing-value,  and 
DY, representing t h e  scale-factor for 
one p r i n t  posit ion,  m u s t  be whole numbers 
of magnitude l e s s  than lo6. 
See 1.-E. - Scaling. 

(09SY56) 

To p r i n t  P azray. 
The 6 BCD characters i n  P(I+ll) w i l l  
be pr in ted  a t  the  l e f t  of t h e  p l o t  on 
t h e  l i n e  on which t h e  poin t  (x i ,y i )  i s  
plot ted.  (If desired m a t e r i d  is 
numeric, wr i te  it out using format F6.n, 
and read  it back i n t o  P m a y  using A6.) 

l o  p r i n t  coordinates. 
The coordinates of each point  wi l l  be 
pr in ted  on the  l i n e  on which t h e  point  
i s  plot ted.  

M 
KODE 
ADD 

1 

2 

4 

16 

32 

8 

64 

AND 
SUPPLY 

Desired 
charac- 
t e r  

m 

n 

Three 
scal ing 
p8XW.m- 
e te rs ,  =,=, 
and mr 

Three 
s cal ing 
param- 
e te rs ,  
m y ,  Fy, 
and DY 

6. and 

t o  be 
pr in ted  

No re -  
quire- 
ments 

P(5) 

P( I+11) 

P( m + 1 1 )  

and 

through 

(FORMAT) 

me 

F1 oat  ing 
point  

Float ing 
point  

Floating 
point  

~~ 

Float ing 
point  

Floating 
p o i n t j  
E D  

KODE 0 
USES 

* 

10 

10 

Scale 
computed 
bY 
p l o t t i n g  
rout ine  

Scale  
computed 
by 
p l o t t i n g  
rout ine  

No 
p r i n t -  
out 

No 
p r i n t -  
out 
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E, Scaling 

When t h e  user wishes t o  specify h i s  own s c a l e  i n  e i t h e r  direct ion,  
i n  addition t o  increasing KODE by 16 or 32, he m u s t :  

1, Choose h i s  desired starting-value, F. 

2. Choose h i s  desired scale-factor, D; for one line-space i f  he i s  
specifying t h e  x scale, f o r  one p r i n t  pos i t ion  i f  he i s  specifying 
t h e  y scale. 

3. Determine a value of N such t h a t :  

a. F X loN i s  a whole number. 

b. D X 10 i s  a whole number. N 

4, Compute 6 - N, 

The in teger  calculated i n  s t e p  4. i s  the  f irst  of three scal ing 
parameters t h a t  must be avai lable  i n  the P array ( i n  P(6) i f  s c a l i n  
P(9) i f  scal ing y) when the  p lo t t ing  subroutine i s  called.  F X 10 i s  
the  second scal ing parameter, t o  be placed i n  P(7)  o r  P(10). F may be 
zero. D X loN i s  t h e  th i rd ,  and i s  placed i n  P(8) or  P(11). Note t h a t  
D may never be zero, and when scal ing x f o r  P L O W ,  D m u s t  - be posi t ive.  

8 x, 
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11. PLOTMY 

Although more than one curve can be p l o t t e d  on the  same g r i d  with 
PLOTXY, only one p l o t t i n g  character w i l l  be used f o r  a l l  curves. PLOTMY 
provides a d i f f e r e n t  p l o t t i n g  character f o r  each curve. Options, similar 
t o  those i n  P L O W ,  are avai lable  but not required, except that  option 1 
must be used i f  there  we m o r e  than s i x  curves. However, a se lec t ion  m u s t  
be made from three  Variations; DUEX - when more than one s e t  of y values 
corresponds t o  t h e  same s e t  of x values; DUPY - when more than one s e t  of 
x values corresponds t o  the same set  of y values ( t h i s  of fe rs  complete con- 
t r o l  of which var iab le  i s  t o  be p lo t ted  i n  which direct ion);  and NO DUP - 
when each s e t  of x values has a corresponding s e t  of y values. 

- 

A, T i t l e  

A TITLE record must be wri t ten before c a l l i n g  P L O W ,  exactly as for 
PLOTXP, 

B. Legend 

A LEGEND record must be wri t ten after c a l l i n g  PLOTMY, exactly as f o r  
PLOW. 

C. C a l l  - 
Between wri t ing t h e  TITLE and LEGEND records, you write:  

CALL PLOTMY (XDOWN, YACROS, XKK, P) 

XDOWN i s  the name of the array containing the  values of the  var iable  
t o  be p l o t t e d  on t h e  x sca le  (down t h e  page). The minimum 
DIMEXSION of t h i s  a r ray  depends on t h e  Vaziation selected,  
(See E. - Variation Layout.) 
destroyed by PLOTMY. The elements a r e  r e s t r i c t e d  as follows: 

The elements of t h i s  a r ray  a r e  

1. They m u s t  be i n  f l o a t i n g  point .  

2 ,  They m u s t  be within permissible range. 
(See I. - P L O ~ . )  9 

YACROS i s  t h e  name of t h e  a r ray  containing t h e  values of the  var iable  
t o  be p l o t t e d  on the  y sca le  (across t h e  page), 
DIMENSION of t h i s  a r ray  depends on the  Variation selected. 
(See E. - Variation Layout.) 
r e s t r i c t e d  exactly as i n  1. and 2 .  above. 

The minimum 

The elements of t h i s  a r ray  a r e  

9 



KKK i s  t h e  name of an array.  
PLO'IMY, t h i s  i s  t h e  sum of t h e  option numbers), and t h e  second 
element must be KN ( t h e  number of curves). 
m u s t  be: 

The first element must be KODE (as i n  

The t h i r d  element 

1, The number of points  i n  one curve for D W  and DUPY, 

2. The number of points  i n  t h e  f i r s t  curve for NO DUP. 

The remaining odd-numbered elements are only required for 
NO DUP, and t h e  remaining even-numbered elements are only re -  
quired for  option 1, The mini- 
mum DLMENSION of KKK i s  2*KN+2 or 14, whichever is  greater .  

(See E, - Variation Layout.) 

P i s  t h e  name of an array. 
Variation selected:  

The f i rs t  element mus t  specify the  

P(1) = 1. f o r  DDPX 

P(1) = 3, f o r  DUPY 

P(1) = 5 ,  for NO DUP 

The remaining elements and t h e  minimum DIMENSION of P are func- 
t i ons  only of t h e  options being used. 
Layout. ) 

(See E. - Variation 

D. Using t h e  Options 

The use of t h e  options i s  exact ly  t h e  same as f o r  P L O W  
(see I.-D, - Using the  Options) with t h e  following exceptions: 

1. If option 16 i s  used, DX must - be posi t ive.  

2. When option 64 i s  used, only t he  ordinate  i n  the  x-direction w i l l  
be pr inted.  

3. Unless .option 1 i s  chosen,, t he  p lo t t i ng  characters  *, +, 0, X, 

option 1 and supply the  desired p lo t t i ng  character  f o r  the  f irst  curve 
i n  KKK(4), for t he  second curve i n  KKK(6), . . .. If more than s i x  
curves are t o  be p lo t ted ,  option 1 must - be used, and - a l l  p lo t t i ng  charac- 
t e r s  supplied. 
wr i te  : 

I =, 0, w i l l  be used for t he  f irst  s i x  curves. To use others,  use 

To put a p lo t t i ng  character,  for example, $, i n  KKK(4), 

EQUIVALENCE (PC, KKK(4)) 
PC = lH$ 

10 



E. Variation Layout 

[ ]N means supply item i n  brackets i f  option N i s  being used. 
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ever 
is , 

larger 

l l+Npl+Npi  
+Np3+. . . 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

DIMENSION 

X(NPl+NPZ+NpS+ . . .) 
Y(NPl+NP2+NP3+ . . .) X(Iypps) X( KN*NPTS) 

Y(") Y (KN*NPTS) 

=-(2*KN+2) or (14), whichever is  greater, for all Variations. 

If option 8 i s  not used, P(g1), depending on use of options 2, 4, 16, and 32. 
If  option 8 i s  used: 

P( "+ll) P(ll+NPl+NPZ+NP3+ . .) P( NpTs+11) 



111. SCALE 

CALL SCALE (NPTS, A, KRSTR) 

This subroutine f inds  t h e  l a r g e s t  absolute value of t he  NPTS elements 
of A and computes t h e  cha rac t e r i s t i c  of i t s  loglo.  I f  t he  cha rac t e r i s t i c  K 
i s  -2 5 K 5 4, KRSTR i s  set t o  zero and cont ro l  re turns  t o  t h e  ca l l i ng  pro- 
gram. If K > 4 or < -2, each element of A i s  mult ipl ied by a power (KRSTR) 
of 10 t o  transform t h e  a r r ay  t o  s u i t  PLOTXY and PLOTMY. KRSTR i s  output t o  
permit t he  user t o  ReSToRe the  a r r ay  or t o  record how it has been a l te red .  

IT. SORTXY 

CALL SORTXY (V, W, NPTS) 

This subroutine rearranges the  NPTS elements of the  V a r ray  i n  order 
of increasing s ize .  The elements of t he  W a r ray  a r e  moved t o  maintain the  
o r ig ina l  pair-relation; t h a t  is ,  i f  t he  f i f t h  element of t he  V a r ray  i s  
moved t o  the  f i r s t  pos i t ion  of V, the  f i f t h  element of W i s  moved t o  the  
first pos i t ion  of W. 

V. ERR03 DIAGNOSIS 

A. Ek-ror Messages 

1. PLOTMY w i l l  wr i te  an e r ror  message 

NPTS IS MISSING OR WRONG I N  THE KARRAY. IMIN = nnn 

i f  t h e  search fo r  t he  p lo t t i ng  character i s  unsuccessful. Informa- 
t i o n  missing or misplaced i n  the  KKK array,  or "dimensioning" the  
XKX a r ray  l e s s  than 14, may cause t h i s  write-out t o  occur. 

2. PISTUG (a  FORTRAN subroutine ca l l ed  by both PLOTXY and PLOTMY) w i l l  
wr i te  an e r ro r  message 

PLOT HALT" BY ARRAY NUMBER n VALUES OUT OF RANGE. KCD = nnnn 

i f  t he  a r ray  being scaled does not meet t he  "range t e s t . "  The abso- 
l u t e  value of t he  range - maximum element minus minimum element - must 
be grea te r  than and the  l a rge r  of the  absolute values of these 
two elements must f a l l  between If t h e  programmer uses 
option 16 or option 32, t he  range t e s t  i s  not made, and an e r ro r  
message w i l l  not be wr i t ten  even i f  the  a r ray  i s  "out of range." In  
such a case, although the  p l o t  may be pr inted,  the  gr id- labels  may be 
incorrect .  

and lo7.  
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3. PLOT ( t h e  1401 subroutine t h a t  p r i n t s  t h e  p l o t  when output i s  
l i s t e d )  m y  wr i te  an error message: 

X OUT OF ORDER mmmnnn 

This may mean t h a t  P L O W  w a s  ca l led  with the  elements of t he  x a r ray  
out of sequence. With PLOTMY, it may mean a Dl3ENSION i n  t h e  ca l l i ng  
program i s  wrong,or t h a t  the  programmer has chosen h i s  own sca le  and 
has supplied points  t h a t  cannot be plot ted.  
th is  section.)  

(See C.-5, and 6. i n  
The mi" i s  a message t o  t h e  systems programmer. 

B. Errors Causing M5suse of Library Subroutines3 

1. In both P L O W  and PLOTMY, when t h e  user  of option 1 6  (or 32) 
spec i f i e s  both FX (or FY) and DX (or DY) = 0, an attempt t o  take 
LOGF( 0.0) OCCUTS . 
2.  In  both P L O W  and PLOTMY, when the  user  of option 16 (or 32) 
spec i f ies  DX (or DY) = 0, an attempt a t  d iv is ion  by zero occurs. 

3. For both P L O W  and PLOTMY, when t h e  programmer does not use option 
1 6  (or 32) and cormits t he  programming e r ro r  of: 

- 

a. Supplying a l l  elements i n  the  a r ray  equal, or 

b. Forgett ing t o  supply the  number of points,  or 

e. Supplying the  number of points i n  f ixed  point,  

an attempt t o  take the  LOGF(O.0) occurs i n  an i n t e r n a l  scal ing rou- 
t i ne ,  PISTUG. 

C. N o  Error Message 

1. I f  a programner uses both options 16  and 32 (specifying h i s  own 
scal ing parameters) and forge ts  t o  supply the  number of points,  there  
w i l l  be no e r ro r  messages wri t ten,  but h i s  p l o t  w i l l  consis t  e n t i r e l y  
of one horizontal  gr id- l ine cor rec t ly  labeled above and below. 

2.  PLOTMY assumes the  scale-factor  i n  the  x-direct ion i s  posi t ive,  
and if the  programmer does not use option 16, it w i l l  be. If he 
specf f ies  h i s  own sca l e  and supplies a negative scaling-parameter, DX, 
t he  p l o t  w i l l  be incorrect .  If he r e a l l y  wants a decreasing x scale ,  
he should multiply h i s  x ar ray  by -1. before the  c a l l  and manually 
inscr ibe  negative signs and change minus s igns t o  plus signs on the  
x gr id- labels  of t he  pr in ted  p lo t .  

. .  

3At Lewis, these e r ro r s  a re  caught and an e r ro r  message wr i t ten  by an e r ro r  
package incorporated i n  the  monitor system. 
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3. The most common prograrmning e r ro r  t o  date  i s  the  omission of t h e  
required ZHPT (or ZHPL) from t h e  FORMAT statement f o r  t he  second 
TITLE (or LEGEND) record. Such omission a l s o  OCCUTS when s lashes  
(///) a re  used t o  g e t  l i n e  spaces between or following pr in ted  l i n e s .  
Use 2HPT/ZHPT/ZHPT etc .  t o  control  spacing above the  p lo t .  

4. Even when two or more p lo t t i ng  characters  shoald be pr in ted  i n  t h e  
same locat ion,  only one character i s  pr inted.  Similarly,  when two 
s e t s  of information t o  be pr in ted  a t  t h e  l e f t  of t he  p l o t  are' supplied 
f o r  t he  same value of x, only the  l as t  i s  pr inted.  

5. When option 16 i s  used and the  programmer spec i f i e s  t h e  scal ing 
parameters f o r  t he  v e r t i c a l  scale ,  t h e  OPP system assumes, and does 
not check, t h a t  t h e  elements of t h e  x a r ray  w i l l  f a l l  on or between 
the  start ing-value and the  value formed by adding 999 times t h e  scale- 
f ac to r  t o  t h e  start ing-value.  
ment i n  the  a r r ay  should be p lo t ted :  

If t h i s  i s  - not t rue,  because some e l e -  

a. From 1 t o  9 line-spaces above 
the  f i rs t  gr id- l ine ( t h e  
s tar t ing-value)  . . . . . . . . . . . .  t he  point  w i l l  be p lo t t ed  

incor rec t ly  with no e r ro r  
message. 

b. More than 9 line-spaces above 
the  f i r s t  gr id- l ine ( t h e  
start ing-value) . . . . . . . . . . . .  t he  p l o t  w i l l  cons is t  of 

more than 60 pages of 
properly labeled g r i d  term- 
ina ted  by the  X OUT OF 
ORDER message described i n  
A.-3. i n  t h i s  section. 

e. More than 999 line-spaces 
below the  f i rs t  gr id- l ine ( t h e  
s tar t ing-value)  . . . . . . . . . . . .  t h e  p l o t  w i l l  be terminated 

a t  999 l i n e s  (about 16  
pages) with the  X OUT OF 
ORDER message described i n  
A.-3. i n  t h i s  section. 
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6. When option 32 i s  used and , the  programmer spec i f i e s  t h e  sca l ing  
parameters f o r  t he  horizontal  sca le ,  t he  OPP system assumes, but does 
not check, t h a t  a l l  t h e  elements i n  the  y a r ray  w i l l  f a l l  on or be- 
tween the  s tar t ing-value and the  value formed by adding 102 t i m e s  t h e  
scale-factor  t o  the  s tar t ing-value.  
element i n  the  a r ray  should be plot ted:  

If t h i s  i s  - not t r u e  because some 

a .  From 1 t o  9 p r i n t  posi t ions t o  
t h e  l e f t  of the  f irst  gr id- l ine  
( the  stazting-value) . . . . . . . . .  t he  point  w i l l  be p lo t t ed  

incor rec t ly  with no e r r o r  
m e s  s age. 

b. More than 9 p r i n t  pos i t lons  t o  
t h e  l e f t  of the  f i rs t  gr id- l ine 
(s tar t ing-value)  . . . . . . . . . . .  t h e  point  d11 not be 

plot ted.  Also, because t h i s  
programming er ror  causes 
program t o  be overwritten, 
following p lo t s  may be in -  
cor rec t .  

e. More than 102 and l e s s  than 999 
p r i n t  posi t ions t o  the  r i g h t  of 
t he  f irst  gr id- l ine  ( s t a r t i ng -  
value) . . . . . . . . . . . . . . . .  a record mark w i l l  be 

pr in ted  a t  the  extreme r i g h t  
of t he  page. 

d. More than 999 p r i n t  posi t ions 
t o  the  r i g h t  of the  f i r s t  g r id-  
l i n e  ( t h e  start ing-value) . . . . . .  t h e  point  will be p lo t t ed  

incor rec t ly  with no e r ro r  
message. 

Lewis Research Center 
National Aeronautics and Space Administration 

Cleveland, Ohio, October 1, 1963 
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1. Dellner, Lois T., and Moore, Betty Jo: An Opt idzed  Pr in te r  Plot t ing System 
Consisting df Complementary 7090 (FORTRAN) and 1401 (SPS) Subroutines. 
I1 - Systems Programmers Manual, NASA 'I" D-2175, 1964. 
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Figure 1. - This p lo t  i l l u s t r a t e s  using PLOIMY with KODE = 0. The subroutine provides 10 X 10 grid-line 
spacing, chooses both scales, and uses an as te r i sk  as the plott ing character. 
(26.) was placed i n  P(1). 

The number of points 
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Figure 2. - This p l o t  i l l u s t r a t e s  using option 1 - choice of plot t ing character. The desired p lo t t ing  
character, X, was placed i n  P( 2 ) .  
desired frequency (5.) was placed i n  P(4). 
fected. 

Option 4 - choice of y gr id- l ine frequency - was also used. The 
Notice t h a t  the frequency of y grid-labels is not af- 
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Figure 3. - This p lo t  i l l u s t r a t e s  using option 32 - choice of y scale. The scale chosen was specified 

A l s o  
t o  P L O W  by placing KSY = 3. i n  P(9), FY = -500. i n  P(10), and DY = 25. i n  P(11). 
possible value of KSY was used. (Fig. 4 displays the e f fec t  of using a smaller value of KSY.) 
i l l u s t r a t ed  is  the use of option 8 - choice of printing le f t - s ide  f ie ld .  The message was placed i n  
the P array; the characters -1 i n  P(12) through P(15); the characters i n  P(16), the 
characters i n  P(17);  e tc .  
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Figure 4. - This plot illustrates using option 64 - choice of printing coordinates at left. Because of 
the limited field size allotted to this print-out, P L O W  transforms the coordinates to preserve as 
many significant figures as possible, and indicates in a special heading what has been done. This DlOt 
also illustrates using option 32 - choice of y scale. !he same starting-value and scale-factor were 
wanted as in figure 3, but the values KSY = 1. were placed in P ( g ) ,  FY = -50000. in P(10), and Dy = 2500. 
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in P(11). Notice the corresponding change in the appearance of the y grid-labels. 
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Figure 5. - This plot  i l l u s t r a t e s  using option 2 - choice of x grid-line frequency. The desired 
frequency (20.) was placed i n  P(3). 
'Innis plot  a l so  demonstrates t h a t  a f t e r  the last point has been plotted, the g r id  i s  only continued 
t o  the next grid-label, not t o  the next grid-line. 
neously should be compared with figures 3 and 4. 

Notice tha t  the frequency of the x grid-labels i s  not affected. 

The r e su l t  of using options 8 and 64 simulta- 
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Figure 6. - This p l o t  i l l u s t r a t e s  using P L O W  - Variation I11 - NO DUP with KKK(1) = KODE = 0. 
As i n  PLOTXY, the  grid-line spacing 10 X 10 i s  supplied by the  routine, as are  the scales  and the 
p lo t t ing  characters. The number of curves (3) was placed i n  Iwc(2), the  number of points for the  
f i r s t  curve i n  KKK(3), f o r  the second i n  KKK(5), and for the  t h i r d  i n  xxK(7). 
specif ied by placing 5. i n  P(1). 
with f igure 7. 

Variation I11 was 
Notice t h a t  several  points f a l l  on the grid-lines and compare 
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Figure 7. - This p lo t  i l l u s t r a t e s  using options 2 and 4 t o  remove a l l  but the first, last, and l e f t -  

The x ordinate only I s  
most grid-lines, by supplying the frequencies = 0 i n  P(3) and P(4) .  
F'LO!EY also. 
printed, not both, as i n  PLOTXY (see f ig .  4) .  

This ef fec t  is possible i n  
This plo t  d s o  i l l u s t r a t e s  the use of option 64 with PLOTMY. 
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Figure 8. - This p lo t  i l l u s t r a t e s  using PLOllMY - Variation I - DUP X with KIcTc(1) - KODE - 0. A 

The number of curves was placed i n  "(2) and the  number of x values i n  IUUC(3). 
single  s e t  of x values was placed i n  the x array, and f ive  s e t s  of y values one a f t e r  another i n  
the y array. 
Variation I was specif ied by placing 1. i n  P(1). 
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Figure 9. - This p l o t  i l l u s t r a t e s  using PLOW - Variation I1 - DUP Y with 
KKK(1) = KODE = 16. 
the  x sca le  spec i f ied  by placing KSX = 2. i n  P(6) and UX = 25. i n  P(8). 
wise, PLOTMY'S choice of sca le  (which i s  based on t h e  length of t h e  x array, not 
on the  number of points  i n  the  y a r ray  supplied i n  KKK(3)) would have spread the  
p l o t  over four pages. 
pare with f igure  8. 

The x and y arrays used f o r  f i@e  8 were interchanged and 
Other- 

Variation 11 w a s  specif ied by placing 3. i n  P(1). Com- 
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N 
OD 

FV LOG FV V 

X O €  3 Y*k 3 

0.2 -700.  4900.- 

0.5 -301.  4500.  

1.0 1. 3750. 

3.0 417. 3650. 

10.0 999. 2800. 

30.2 1480.  2 5 0 0 .  

50.0 1699. 2000. 

99.8 1999. 2050. 

248.0 2394.  1750.  

495.0 2695.  1100. 
698.0 2844.  550. 

2 0 0 2 - 0  3301. 800. 
2687.0 3429. 0. 

T E S T I N G  HYPOTHESIS THAT THE RELATIONSHIP  DETUEEN THE G I V E N  SETS OF VALUES FOR F V  AN0 V IS OF THE 
FORM F V  = E * * I A * V I .  LOG I b A S E  101 OF F V  IS PLOTTEU OOkh THE PAGE. V IS PLOTTEU ACROSS THE PAGE. 
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0 

. 

Figure 12 .  - This p l o t  simulates a p l o t  made on semilog paper. The values in t h e  y array were those 
t h a t  would be p lo t ted  on the l i n e a r  scale, while those in the x array were the logarithms of the  
values t h a t  would be p lo t ted  on the logarithmic scale.  
option 8. 

The or ig ina l  values a re  displayed using 
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